Introduction Cretaceous strata of the northern Rocky Mountains and Great Plains regions of the United States were deposited in and adjacent to a broad north-trending epicontinental sea (Western Interior seaway) that was bordered on the west by the Cordilleran thrust belt and was underlain and bordered on the east by the cratonic platform. Variable rates of subsidence related to tectonic and sediment loading produced an asymmetric sedimentary basin with Cretaceous strata ranging in thickness from nearly 20,000 ft in southwestern Montana to less than 1,000 ft in eastern South Dakota and western Minnesota. During Early to middle Cretaceous time, this sedimentary package formed a foreland wedge that thinned to the east, away from the thrust belt. Later, during middle to Late Cretaceous time, the foreland was broken by Laramide uplifts (younger to the east) that sequentially deformed the wedge. Active uplifts affected the distribution and configuration of contemporaneous and later Cretaceous.sediments, creating complex stratigraphic and sedimentologic relationships.
In many parts of the northern Great Plains region Cretaceous rocks have been studied in great detail because of the economic incentives associated with exploration for energy resources. In other areas these rocks have been studied primarily in a a reconnaissance manner. Recent work in biostratigraphy, geochronology, and sequence stratigraphy provides data that aid significantly in resolving problems in correlation and fades analysis of these rocks. Palynostratigraphic studies have provided time markers for precise correlation of nonmarine rocks at the western margin of the seaway to marine rocks in the east. Similarly, nannofossils in marginal marine rocks along the eastern margin have been correlated with those to the west. See Dyman and others (in press) for more detailed discussions of Cretaceous rocks in the entire region.
The purpose of this report is to present new subsurface correlations and structure and isopach contour maps of Cretaceous rocks in the southeastern part of the Williston basin in northern South Dakota and southern North Dakota ( fig.1) . These correlations will be integrated into the regional stratigraphic framework of the Western Interior Cretaceous Project (WIK). The goal of the WIK Project is to create a publicly available data base from which to construct and interpret the depositional history within the Western Interior Cretaceous basin. Ongoing WIK objectives include publishing regional stratigraphic transects (see Dyman and others, in press ) and a compendium of Laramide basins within the Rocky Mountain and Great Plains regions. WIK is a subproject of the Global Sedimentary Geology Program (GSGP). The International Union of the Geological Sciences established the GSGP as a new commission to extend the understanding of the history of the earth including sedimentary rocks and their contained organisms.
Many thanks to C. M. Molenaar and J. E. Fox of the U.S. Geological Survey for their careful and helpful reviews of the manuscript.
Methods
The 11 stratigraphic cross sections along the southeastern flank of the Williston basin described in this report use 82 electric well logs to illustrate stratigraphic relationships of an interval of Upper Cretaceous rocks (Greenhorn Formation to Niobrara Formation). Table 1 lists the wells shown on the sections plus 22 additional wells used for greater mapping control. On the cross sections the average well spacing is 14 mi, and the total area studied is approximately 19,000 sq mi.
The datum for all sections is the thick Ardmore Bentonrte Bed, or series of beds, near the base of the Sharon Springs Member of the Pierre Shale. This unit is believed to have been deposited on a nearly flat or very gently dipping basin floor.
the original borehole logs used for these cross sections, at a scale of one in. = 100 ft, were digitized by tracing the spontaneous potential (SP) curves and the resistivity or conductivity curves. Conductivities were converted to resistivities, and the SP and resistivity curves were computer-plotted at one in. = 200 ft (see fig. 2 ). On many of the logs the SP curve was very weak; a condition probably caused by the drilling mud having a resistivity similar to that of the formation water. These weak amplitudes were computer-enhanced in an attempt to provide better correlations. The final cross sections were reduced to the present size (vertical scale one in. = 520 ft) for convenience in handling and reproduction (figs. 3-7).
The structure and thickness maps were computer-contoured and smoothed by hand. Formation tops were picked from both digitized and undigitized logs to the nearest five feet.
Definition and Location
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Stratigraphy and Structure
Following is a brief description of the selected subsurface rock units, in ascending order, for this part of the Williston basin with comments on geophysical log interpretation. The Greenhorn Formation, the oldest unit studied, consists mainly of interbedded gray, calcareous marine shale and fragmented, argillaceous limestone. It is concordant with the underlying Graneros Shale (also called Belle Fourche Shale) which is composed of dark-gray, noncalcareous, pyr'rtic, poorly fossiliferous shale, and is midCenomanian in age (Dyman and others, in press ). The Greenhorn ranges in thickness from 125 to 200 ft (see figs. 6 & 8), and is latest Cenomanian to early Turonian in age. The amount of limestone appears to increase basinward (to the northwest). The upper contact is sharply defined on the resistivity curves, and the tower contact is a prominent bentonite bed represented by a lack of resistivity and a positive SP deflection.
Conformably overlying the Greenhorn Formation is the Turonian Carlile Shale, which in the study area is mainly a single unit consisting of gray to black marine noncalcareous shale containing thin, limy siltstone beds in the upper part. To the southwest and southeast of the area the Carlile is sometimes divided into three alternating sand and shale members that were not recognized in this study (Fail-port, Blue Hill, and Codell Members; unpublished data, South Dakota Geological Survey; see Dyman and others, in press; and Rice, 1977) . A few thin benton'rte beds within the formation serve as time marker horizons. The formation ranges in thickness from about 250 ft in the southeast to about 550 ft in the northwest (see figs. 4 & 9) .
The Niobrara Formation rests unconformably on the Carlile Shale, and has approximate thicknesses in the study area of 80 ft in the east to 225 ft in the west (see figs. 4, 6, & 10) . This variation is probably the result of lateral fades changes and erosion (Shurr and Sieverding, 1980) . It is mainly composed of calcareous shale and marl or chalk containing some bentonite, and is early Santonian to early Campanian in age. As shown on the sections (figs. 3-7) the Niobrara typically has a lower chalk unit (large negative SP deflections) and an upper calcareous shale unit, shown by Rice (1977) as the Fort Hays Limestone Member and Smoky Hill Shale Member, respectively. However, Shurr and Rice (1987) refer to the chalk unit as chalk tongue "B". On the west side of the area the chalk thins, and finally grades into chalky or calcareous shale and intertongues with the overlying Gammon Member (not shown on cross sections) of the Pierre Shale ( figs. 3-7) . On the east side the logs indicate less shale and more chalk, possibly chalk tongues "A" and "B" of Shurr and Rice (1987) . The top of the Niobrara was difficult to pick on many togs owing to local unconformities and gradation with the Gammon.
The Pierre Shale, which overlies the Niobrara, was not intended to be a major part of this study. Only two members of the Pierre are included in the cross sections. They are identified by their relationship with the Ardmore Bentonrte Bed (Rice, 1977) ; the early to mid-Campanian Gammon Member (Gammon Ferruginous Member) a marine, noncalcareous, gray shale lies below the bentonite bed, and the mid-Campanian Sharon Springs Member, of similar lithology, lies generally above the bentonite.
The depositional environment for this interval of rocks on the edge of the cratonic basin was probably one of changing Cretaceous sea levels in relatively shallow water on a gently sloping shelf. The Graneros Shale and Greenhorn Formation record the transgression of the Greenhorn depositional cycle, and the Carlile Shale represents the regressive phase of the same cycle (Dyman and others, in press ). The Niobrara Formation in this region is bounded above and below by major unconformities, both of which are postulated to be sequence boundaries bracketing the Niobrara depositional cycle (unpublished data, South Dakota Geological Survey; Dyman and others, in press).
Post-depositional features on the cross sections are generally subtle. Formation contacts and time marker beds are essentially parallel with maximum dips into the basin of about eight feet per mile. Areas of somewhat higher structural relief, especially at the Greenhorn level, on sections A-A', C-C', J-J', and K-K' may be paleostructures related to the Paleozoic Bottineau-Burleigh trend shown by Peterson and MacCary (1987) . Another feature shown by a dashed line on the sections was interpreted as a bentonite bed within the Graneros Shale that converges with the base of the Greenhorn in a generally westerly direction. This indicates greater deposition to the southeast during that time interval.
Present-day structure in the area displays gentle basinward (northwest) dips of approximately 10 feet per mile for the Ardmore Bentonite Bed and Niobrara and Greenhorn Formations (see figs. 11-13). These rocks and others probably conform to the structural framework controlled by the Precambrian basement. Faulting and depositional patterns were no doubt influenced by lineament-block tectonics (Shurrand Rice, 1986) . Isopach maps (figs. 8-10) demonstrate a general westward thickening for all three formations, but the Niobrara and Greenhorn maps also reveal a north-south thinning through the middle of the study area. Rgure 14 is an isopach map of the interval from the Ardmore Bentonite Bed to the bentontte at the base of the Greenhorn Formation. These two bentonites are assumed to be good time markers. The Ardmore is dated at 80.54 ± 0.55 Ma by Obradovich (in press) , and the base of the Greenhorn interpolated at approximately 92.5 Ma (Obradovich, in press ). The average rate of deposition of this interval, excluding the hiatus at the top and bottom of the Niobrara and compaction, is estimated to have been about one inch per 1000 years.
Natural Gas Prospects
Cretaceous rocks in the region may yield future petroleum accumulations. Of the three main rock units discussed here, the Niobrara Formation is most often mentioned as a possible source of natural gas; in fact gas is produced from the Niobrara in eastern Colorado and north western Kansas (Lockridge and Scholle, 1978) . Several workers (including Rice and Steece, 1989) have described it as a "tight" formation, but having high porosity at burial depths found within the study area. Steece (1989) also descrbes numerous dry holes with Niobrara gas shows in South Dakota. Areas of natural fracturing and the use of new horizontal drilling techniques might improve the outlook for gas production in this and other parts of the northern Great Plains. Table 1 ). Vertical scale 1 in. = 520 ft. Distance between wells is given at top of section. Table 1 ). Vertical scale 1 in. = 520 ft. Distance between wells is given at top of section. Table 1 ). Vertical scale 1 in, = 520 ft. Distance 
